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Abstract
Purpose Probiotics may reduce risk of urinary tract infection by preventing colonization of uropathogens. We aimed to 
determine the change in the ratio between uropathogens:Lactobacillus (U/L) within the lower urinary tract in response to 
oral probiotic.
Methods This was a double-blinded randomized controlled trial of healthy pre-menopausal female volunteers. Participants 
provided daily voided urine for 3 months including three phases of the trial: 1—baseline, 2—intervention, 3—wash-out. 
Participants were randomized to an oral probiotic (Lactobacillus rhamnosus GR-1 and Lactobacillus reuteri RC-14) versus 
placebo. The primary outcome was the U/L ratio of daily voided urine, as determined by an enhanced urine culture method. 
Analysis included t test of the ratios and separate generalized linear mixed effects models (GLMM) for microbiota diversity.
Results 481 samples of seven female participants with mean age 29.1 years (± 5.3 years) were included in the analysis (pro-
biotic n = 4; placebo n = 3). No adverse events were reported. The placebo and probiotic groups had similar mean U/L ratios 
with no difference between placebo and probiotic groups in Phases 1–3 (p = 0.90, p = 0.58 and p = 0.72, respectively). The 
probiotic species were never identified in the voided urine. There were no changes between groups in terms of microbiota 
diversity.
Conclusion For young healthy women, the use of oral probiotic did not affect the U/L ratio.
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Introduction

Urinary tract infection (UTI) is a common problem for the 
pre-menopausal female population. This problem is exacer-
bated by the rise in antimicrobial resistance of uropathogens 
that cause UTI, as well as the downstream side effects of 

antibiotic use on the microbiome [1]. Therefore, alternative 
treatments and prevention methods are greatly needed [2, 3].

Probiotics can be used to alter bacterial colonization. 
Probiotics are microbes, including species within the genus 
Lactobacillus, that provide benefits to neurological [4], gas-
trointestinal [5, 6], and immunological [7] health in humans 
[8]. Probiotics are usually taken orally but can be delivered 
using alternate routes, including vaginally. There are a few 
reports on the use of oral probiotics altering the vaginal 
microbiome [9] within as little as 1–2 weeks [10, 11]. The 
oral probiotic combination of L. rhamnosus and L. reuteri 
(former L. fermentum) was reported to alter the vaginal flora 
in women with bacterial vaginosis (BV) [10] and reduce 
vaginal coliforms and yeast within 4 weeks of oral probiotic 
use in asymptomatic pre-menopausal women [9]. Pre-men-
opausal women with UTI who were given a vaginal probi-
otic comprised of L. rhamnosus GR-1 and L. reuteri RC-14, 
along with antibiotic therapy, had decreased UTI recurrence 
from 47 to 21% [12]. In a similar study, weekly use of the 
L. rhamnosus GR-1/L. reuteri RC-14 probiotic reduced 
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UTI recurrence from 6 to 1.6 per year [13]. A randomized 
controlled trial (RCT) of 252 postmenopausal women with 
recurrent UTI (rUTI) (7 UTIs in 12 months) tested the effi-
cacy of the L. rhamnosus GR-1/L. reuteri RC-14 probiotic 
orally against daily prophylaxis with trimethoprim–sul-
famethoxazole (480 mg once daily); patients who received 
antibiotics reported an average of 2.9 UTIs in 12 months, 
while the oral probiotic group averaged 3.3 UTIs, a result 
that did not meet the non-inferiority criteria [14]. However, 
an added benefit to taking the oral probiotic was a decreased 
level of antibiotic resistance [14].

Recent studies report the existence of resident microbial 
communities in the lower urinary tracts of adult women 
(female urinary microbiota, FUM) [15–17]. However, no 
RCTs have yet quantitatively evaluated the effect of oral 
probiotics on the FUM. Therefore, it is unclear whether the 
probiotic bacteria, when given orally, will colonize the adult 
female lower urinary tract and/or alter the existing FUM.

Here, we describe a pilot, double-blinded RCT of healthy 
pre-menopausal community women. The participants col-
lected midstream voided urine specimens and peri-urethral 
swabs daily for 3 months, during which they were rand-
omized in a 2:1 ratio to take an oral probiotic or placebo 
during the second month of the trial. We detected and identi-
fied microbes using our previously validated expanded quan-
titative urine culture (EQUC) method [18]. We hypothesized 
that use of oral probiotics would alter the FUM, by lowering 
the abundance of detectable uropathogens while increasing 
Lactobacillus levels.

Materials and methods

Study design

This was a single-site, IRB-approved (LU #209830), ran-
domized, double-blind, placebo-controlled pilot trial con-
ducted between the Loyola University Chicago Health 
Sciences Division and The Loyola University of Chicago’s 
Division of Female Pelvic Medicine and Reconstructive 
Surgery. We obtained an exemption from the US Food and 
Drug Administration’s investigational new drug regulations 
(i.e., investigational new drug exemption; approval #136454) 
to use the oral probiotic in this clinical trial. The trial was 
registered with clinicaltrials.gov (NCT03250208).

We recruited healthy pre-menopausal female volun-
teer participants from the community by flyers that were 
placed throughout the medical center campus, offering a 
brief description of the study and the research team contact 
information. Eligible participants met the following criteria: 
pre-menopausal (presence of menses at least once in the last 
12 months) healthy community dwelling; age 18 years or 
older; agreement to daily specimen collections; agreement to 

daily oral probiotic or placebo use; ability to read and speak 
the English language. Participants were excluded if they met 
any of the following exclusion criteria: male; non-English 
speaking; allergy or contraindication to probiotic; pregnant, 
lactating or planning a pregnancy within 6 months; use of 
an indwelling catheter; planning time away for more than 
7 days during the study; prior participation in the study; fail-
ure to pass the 3-day screening process (i.e., ability to obtain 
a ‘clean catch’ midstream voided urine). Participants were 
compensated for completion of the study. Completion was 
defined as missing no more than seven specimen collection 
days during the length of the study.

The study was divided into three phases: Phase 1 (days 
1–20, “Baseline” phase), Phase 2 (days 21–60, “Treatment” 
phase), and Phase 3 (days 61–95, “wash-out” phase). Speci-
mens were provided each day through day 74. From days 
75–95, specimens were collected once per week. From days 
21–95, an additional rectovaginal swab (per CDC guide-
lines [19]) was collected once per week. Eligible participants 
were instructed on proper specimen collection by watching 
a video at the recruitment visit.

Prior to study enrollment and following informed consent, 
we assessed each subject’s ability to provide the research-
ers with a ‘clean catch’ midstream voided urine specimen 
via a 3-day screening period. We anticipated that the bacte-
rial flora of a properly collected ‘clean catch’ midstream 
voided urine specimen would appear distinct from the flora 
of the peri-urethral swab. Micobiota data were assessed 
using Bray–Curtis dissimilarity. We enrolled participants 
who provided specimens that obtained a score of > 0.8 (i.e., 
substantially dissimilar).

Participants completed a non-validated lifestyle question-
naire for each day of the study. This questionnaire included 
the following: alcohol consumption, menstruation (and 
hygiene article use), bathing and swimming, diet (presented 
as broad food categories), sexual activity, number of bowel 
movements, medications used, illness, and whether the par-
ticipant urinated or had a bowel movement immediately 
before collection of the day’s specimens.

Probiotic

Participants were randomized in a 2:1 ratio to a probiotic 
versus placebo group by a statistician, who was otherwise 
uninvolved in the project. The probiotic used contained Lac-
tobacillus rhamnosus GR-1 and Lactobacillus reuteri RC-14 
at sum of  109 viable organisms to be taken orally twice 
daily. The probiotic capsules were purchased from www.
iherb .com, and were sent directly to the in-patient pharmacy 
department. The capsules were stored at room temperature 
as per the manufacturer’s recommendations. The randomiza-
tion scheme was chosen with the goal of having more sub-
jects in the probiotic arm to maximize statistical power. The 

http://www.iherb.com
http://www.iherb.com
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randomization scheme was by random permutated block, 
which would be balanced at the 2:1 ratio after completion 
of each block with block size = 3. The random allocation 
sequence was created by sequentially numbered containers.

Subjects and all study personnel were blinded to the 
group assignment, except for the statistician and pharma-
cist. The statistician gave the randomization scheme only to 
the one pharmacist, who prepared the capsules for the study. 
The probiotics were re-capsulated into capsules that were 
identical to the carbohydrate placebo capsules. Labels of the 
pill bottles included the subject name, date, and “placebo/
probiotic.” To evaluate the success of blinding, the subjects 
were asked at the completion of the study to which group 
they thought they belonged.

The oral probiotic or placebo capsules were taken during 
phase 2 (days 21–60) only. To avoid errors in compliance 
reporting, the participants were told that perfect use was not 
expected and would not change their compensation.

Sample collection and bacterial identification

Each participant was given sufficient supplies for at-home 
specimen collection. ‘Clean catch’ midstream voided urine 
specimens were collected and placed in a BD  Vacutainer® 
Plus C&S Preservative Tube (Becton, Dickenson and Co, 
Franklin Lakes, NJ). Peri-urethral swabs were collected 
using an ESwab Liquid Amies Collection and Transport 
System (COPAN, Murrieta, CA). These specimens were 
delivered to a locked collection box at the Loyola University 
Medical Center Urogynecology Clinic. Specimens collected 
during a weekend were kept at room temperature and deliv-
ered on the following Monday.

The microbiota of the collected biological specimens 
was determined using our EQUC protocol, as described 
previously [16]. Briefly, 10 ul of each urine specimen was 
spread quantitatively onto 5% sheep blood (BAP), choco-
late, and colistin nalidixic acid (CNA) agars (BD BBL™ 
Prepared Plated Media) and incubated in 5%  CO2 at 35 °C 
for 48 h; BAP incubated aerobically at 35 °C for 48 h; CDC 
Anaerobic 5% sheep blood (Anaerobic BAP) agar (BD 
BBL™ Prepared Plated Media) incubated anaerobically 
at 35 °C for 48 h. Each distinct colony morphology was 
sub-cultured at 48 h to obtain pure culture for microbial 
identification. Microbial identification was determined using 
a matrix-assisted laser desorption/ionization time-of-flight 
mass spectrometer (MALDI-TOF MS, Bruker Daltonics, 
Billerica, MA). Swab specimens were diluted in the Liquid 
Amies solution. 10 ul of the liquid solution was subjected to 
the protocol described above.

Dipstick urinalysis also was performed on each urine 
specimen using a Siemens  Multistix® 10LS Pro Reagent 
Strip (Siemens Healthcare, Tarrytown, NY). Two milliliters 

of urine and the remaining liquid solution from the swab 
specimens were stored at − 80 °C for future analyses.

Sample size

This was a pilot RCT, as the outcome variable and vari-
ability were unknown; therefore, it did not have a power 
calculation. However, this sample was chosen based on our 
prior preliminary data from two graduate students (male and 
female) who self-collected and cultured their samples. These 
data will remain unpublished; however, they allowed the 
authors to gauge the daily fluctuations of the voided urine 
in young healthy women and design the screening phase of 
the study.

Statistical analyses

Student’s t test was performed to evaluate the association 
between microbial ratios and probiotic or placebo use. Chi-
squared testing was used to compare categorical variables. 
One-way analysis of variance (ANOVA) was used to com-
pare continuous variables. Correlations between variables 
were determined using the Pearson correlation test. Sepa-
rate generalized linear mixed effects models (GLMM) were 
specified for microbiota outcome variables, including Shan-
non index, Simpson index, and percentage of Lactobacil-
lus. Shannon and Simpson indices were used as the primary 
measures of microbiota alpha diversity. The primary effects 
of interest in GLMMs were treatment assignment, phase of 
study, and an interaction term. Models were adjusted for 
daily sexual activity and menstruation and included ran-
dom intercepts for participants. Adjusted means and stand-
ard errors from GLMMs were plotted and significance test 
was reported using a Kenward–Roger degrees of freedom 
approximation due to sample size. All test results were con-
sidered significant using a p value of ≤ 0.05. All analyses 
were conducted using SAS 9.4 (Cary, NC).

Primary outcome and the designated uropathogens

The primary outcome was by a ratio of the concentrations 
of uropathogens to lactobacillus (U/L ratio). Uropatho-
gens were defined in prior studies [18] and included all of 
the following: Actinobaculum schaalii (former Actinotig-
num schaalii), Aerococcus sp., Alloscardovia omnicolens, 
Candida sp., Citrobacter sp. Corynebacterium riegelii, 
Corynebacterium urealyticum, Enterobacter sp., Entero-
coccus faecalis, Escherichia coli, Klebsiella pneumoniae, 
Morganella morganii, Oligella urethralis, Proteus sp., Pseu-
domonas aeruginosa, Staphylococcus aureus, Staphylococ-
cus lugdunensis, Streptococcus agalactiae, Streptococcus 
anginosus.
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Description of measures of diversity

Bacterial compositions were analyzed for diversity in addi-
tion to the primary outcome measure of U/L ratio. Diversity 
includes measures of species abundance, richness and even-
ness. Species abundance is the number of each organism 
present relative to the total amount of organisms. Richness 
describes the number of different species in a community. 
Evenness describes the distribution of species within the 
sample; communities with higher evenness contain mul-
tiple species with similar abundance. Two measures are 
commonly combined and represented via the Shannon (rich-
ness and evenness) and Simpson (richness and abundance) 
indices. Larger Shannon diversity values, close to 1, mean 

greater richness and greater evenness. Larger Simpson diver-
sity values indicate that the sample contains greater richness 
and abundance. For each measure, larger value indicates 
more diversity in the sample; however, they are composed 
of slightly different sub-measures and, therefore, each was 
considered to be complete.

Results

Study and participant overview

From July 2017 to December 2018, 12 participants were 
assessed for eligibility. Four participants did not meet the 

Assessed for eligibility (n=12)

Excluded (n=4)
♦ Did not meet inclusion criteria for age (n=1)
♦ 3-day screen showed insufficient microbiome 

distinction between voided urine and 
periurethra (n=3)

Analysed (n=4)
♦ Excluded from analysis because diversity 
was too high and bacterial counts were too 
large to complete analysis (n=1)

Lost to follow-up (n=0)

Discontinued intervention (n=0)

Allocated to probiotic intervention (n=5)
♦ Received allocated intervention (n=5)
♦ Did not receive allocated intervention (n=0)

Lost to follow-up (n=0)

Discontinued intervention (n=0)

Allocated to placebo (n=3)
♦ Received allocated intervention (n=3)
♦ Did not receive allocated intervention (n=0)

Analysed (n=3)
♦ Excluded from analysis (n=0)

Allocation

Analysis

Follow-Up

Randomized (n=8)

Enrollment

Fig. 1  Consort diagram: this figure shows the number of participants 
invited to the study, as well as follow-up throughout the study course. 
After assessing eligibility with 12 women, 8 met inclusion criteria 
and were enrolled in the study and randomized. After completion of 

sample collection, one of these participants’ data were not included in 
the analysis because diversity was too high and bacterial counts were 
too large to complete the analysis
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inclusion criteria and were, therefore, not enrolled in the 
study and did not perform any sample collections; one was 
outside the target age range and three were excluded because 
based on the 3-day screening period results they could not 
produce voided urine samples that were sufficiently distinct 
from their peri-urethral swabs. Thus, a total of eight partici-
pants were enrolled in the study and randomized. All partici-
pants completed the study and received full compensation. 
Due to resource and time constraints, one randomly cho-
sen’s participant’s specimens were not cultured. This choice 
was made prior to unblinding the study and should have no 
effect on the outcomes of this study given that the participant 
was randomized to placebo. The samples of this participant 
were subjected to sequencing analysis only. Therefore, seven 

participants were included in the analysis here: four in the 
probiotic group and three in the placebo group. All partici-
pants completed the study within their assigned group and, 
therefore, there is no difference in analysis by intention to 
treat or by actual treatment. Figure 1 displays the consort 
diagram of patient flow through the study.

Baseline demographics were similar between groups 
(Table 1). The mean age of the participants’ was 29.1 years 
(± 5.2 years SD; median age was 28 years, with 25th and 
75th percentiles at 25 years and 33 years, respectively). The 
participants had a mean BMI of 23.0 kg/m2 (± 2.8 kg/m2 
SD). None of the participants had a prior history of gyneco-
logical surgery, kidney stones, recurrent UTI or symptoms 

Table 1  Participant demographics and baseline characteristics

Probiotic group (n = 4) Placebo group (n = 3) Overall (n = 7)

Age (years) 32.5 (± 4.2) 24.7 (± 1.5) 29.13 (± 5.3)
Race/ethnicity
 Caucasian 50% (2/4) 66.7% (2/3) 57.1% (4/7)
 Asian 50% (2/4) 0% (0/3) 28.6% (2/7)
 Black 0% (0/4) 33.3% (1/3) 14.3% (1/7)

BMI 21.6 (± 2.3) 24.9 (± 2.3) 23.0 (18.8–27.5)
Prior pregnancy 25% (1/4) 0% (0/3) 14.3% (1/7)
Prior vaginal delivery 25% (1/4) 0% (0/3) 14.3% (1/7)
No special diet 75% (3/4) 100% (3/3) 85.7% (6/7)
Vegetarian lacto-ovo 25% (1/4) 0% (0/3) 14.3% (1/7)
Regular menses 25% (1/4) 100% (3/3) 57.1% (4/7)
Tampons 75% (3/4) 66.7% (2/3) 71.4% (5/7)
Pads 75% (3/4) 33.3% (1/3) 57.1% (4/7)
Menstrual cup 0% (0/4) 33.3% (1/3) 14.3% (1/7)
Thong use 50% (2/4) 33.3% (1/3) 42.9% (3/7)
Shower per week (mean, SD) 6.6 (± 0.5) 6.3 (± 1.2) 6.5 (± 0.76)
Bath per week (mean, SD) 0.3 (± 0.5) 0.3 (± 0.6) 0.3 (± 0.5)
Sexually active 100% (4/4) 100% (3/3) 100% (7/7)
Intercourse frequency
 Daily 25% (1/4) 0% (0/3) 14.3% (1/7)
 Weekly 25% (1/4) 66.7% (2/3) 42.9% (3/7)
 Monthly 50% (2/4) 33.3% (1/3) 42.9% (3/7)

Birth control
 Condoms 25% (1/4) 0% (0/3) 14.3% (1/7)
 Mirena IUD 50% (2/4) 66.7% (2/3) 57.1% (4/7)
 OCP 25% (1/4) 33.3% (1/3) 28.6% (2/7)

Vaginal penetrative intercourse with penis 100% (4/4) 100% (3/3) 100% (7/7)
Vaginal penetrative intercourse with toy/finger (mas-

turbation or with partner)
75% (3/4) 100% (3/3) 85.7% (6/7)

External stimulation/masturbation only 25% (1/4) 33.3% (1/3) 28.6% (2/7)
Receiving cunnilingus 75% (3/4) 100% (3/3) 85.7% (6/7)
Anal intercourse 0% (0/4) 0% (0/3) 0% (0/7)
Monogamous 100% (4/4) 100% (3/3) 100% (7/7)
Bowel movements per week (mean, SD) 9.3 (± 4.0) 7.0 (± 0.0) 8.2 ± 2.9
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of urinary incontinence. All of the participants were non-
smokers, and all used alcohol occasionally.

The post-study survey was completed by all participants. 
All participants took the capsules almost every day during 
phase 2 (median pills missed = 4 out of 80 pills, range 0–20). 
When asked to which group they were randomized, the par-
ticipants correctly guessed 3/8 (38%) times (two probiotic 
and one placebo). No adverse events or unexpected harms 
were reported.

Microbial characteristics

This was an intention-to-treat analysis. Table 2 shows the 
relative abundance of the most prevalent microbes for each 
participant throughout the study. The FUM of seven partici-
pants was predominated by at least one species of the genus 
Lactobacillus; in contrast, one participant’s (PROFUM 3) 
FUM lacked Lactobacillus and instead was predominated by 
a mixture of Streptococcus agalactiae (GBS), Staphylococ-
cus epidermidis and Corynebacterium tuberculostearicum.

Table 2  Predominant urinary microbiota by relative abundance

Column 1 shows the participants study ID (PROFUMx), followed by group assignment (A = probiotic or B = placebo), followed by pertinent 
details from their daily lifestyle questionnaire including frequency of sexual activity, birth control method and menstrual cycle regularity. For 
each participant, there appeared to be an obvious predominant species or combination of few species. These are listed in column 2 for each par-
ticipant. To quantify this relative stability throughout the study the following 3 columns show the % of samples containing such species for the 
given phase (n with predominant species/n total samples). The last column shows the total counts of samples containing the predominant species 
throughout the study

Predominant species (% of 
voided specimen)

Isolated in voided 
specimen phase 1

Isolated in voided 
specimen phase 2

Isolated in 
voided speci-
men
phase 3

Overall isolated 
per voided 
specimen

PROFUM 1
A = probiotic
Sex monthly (0)
Condoms
Cycle: 22–24 days

Lactobacillus crispatus 95% (19/20) 100% (40/40) 100% (7/7) 98% (66/67)
Gardnerella species 85% (17/20) 100% (40/40) 71% (5/7) 93% (62/67)

PROFUM 2
B = placebo
Sex monthly (2)
Mirena IUD
Cycle: irregular 65 days

Lactobacillus jensenii 90% (18/20) 100% (39/39) 100% (7/7) 97% (64/66)
Lactobacillus crispatus 75% (15/20) 72% (28/39) 71% (5/7) 73% (48/66)

PROFUM 3
A = probiotic
Sex monthly (0)
Mirena
Cycle: irregular 25–33 days

Streptococcus agalactiae 100% (20/20) 100% (37/37) 100% (14/14) 100% (71/71)
Staphylococcus epidermidis 100% (20/20) 100% (37/37) 100% (14/14) 100% (71/71)
Corynebacterium tuberculo-

stearicum
90% (18/20) 95% (35/37) 100% (14/14) 94% (67/71)

PROFUM 4
A = probiotic
Sex daily (28)
OCP
Cycle: 27 days

Lactobacillus iners 95% (19/20) 97% (37/38) 100% (15/15) 97% (71/73)
Lactobacillus jensenii 100% (20/20) 100% (38/38) 93% (14/15)

PROFUM 5
B = placebo
Sex weekly (21)
Mirena IUD
Cycle: irregular spotting

Gardnerella species (including 
Gardnerella vaginalis)

95% (19/20) 94% (32/34) 79% (11/14) 91% (62/68)

Lactobacillus jensenii 90% (18/20) 97% (33/34) 100% (14/14) 96% (65/68)
Lactobacillus crispatus 85% (17/20) 50% (17/34) 71% (10/14) 65% (44/68)
Streptococcus mitis 75% (15/20) 53% (18/34) 71% (10/14) 63% (43/68)

PROFUM 7
A = probiotic
Sex weekly (15)
Mirena IUD
Cycle: 18–24 with flow > 15 days

Lactobacillus jensenii 100% (20/20) 97% (36/37) 100% (12/12) 98% (68/69)

PROFUM 8
B = Placebo
Sex weekly (3)
OCP
Cycle: 24–28 days

Lactobacillus jensenii 84% (16/19) 94% (34/36) 100% (12/12) 93% (62/67)
Lactobacillus crispatus 100% (19/19) 97% (35/36) 100% (12/12) 99% (66/67)
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Prior to probiotic/placebo use (i.e., phase 1), no partici-
pants were colonized with the probiotic bacteria (i.e., L. 
rhamnosus and/or L. reuteri). Throughout the study (i.e., 
phases 2 and 3), these species remained undetected in any 
specimens (voided urines, peri-urethral swabs), while other 
Lactobacillus species (crispatus, jensenii, iners) flourished 
on the culture media used.

All participants also collected rectovaginal swabs at vari-
ous times during the intervention phase and the wash-out 
phase. While these samples were cultured and the micro-
biota data results were recorded, they were not part of the 
primary outcome analysis here and will be presented at a 
later paper. However, it is important to report here that the 
probiotic species were also never detected on any of these 
rectovaginal specimens.

Uropathogenic bacteria and Lactobacillus

With one exception (PROFUM 3), uropathogens were 
rarely present when compared to the total colony counts 
throughout all three phases of the study. Table 3 shows 
the average daily percentage of Lactobacillus, total 

uropathogens, and Gardnerella per participant and per 
phase. Gardnerella was included because of its prevalence 
in some participants. The percentage of days that E. coli 
was detected is also included in Table 3, as this species 
was the most commonly detected uropathogen. Figure 2 
shows the % Lactobacillus per phase for all the partici-
pants. Contrary to our hypothesis, we observed an increase 
in % Lactobacillus in the placebo group through the course 
of the study. Within each phase, there were no differences 
in between placebo and probiotic groups in phase 1 (base-
line), phase 2 (treatment), and phase 3 (wash-out), with p 
values of p = 0.9, p = 0.58 and p = 0.72, respectively.

Figure 3 shows the daily U/L ratio for participants 
randomized to the probiotic group (i.e., PROFUM 1, 4, 
and 7). The fourth member of this group (PROFUM 3) 
did not have any Lactobacillus and thus could not be 
included. Figure 4 shows the mean U/L ratio values in 
graphical format. The U/L ratio was similar between the 
two groups all throughout the study (phase 2: p = 0.640, 
t test). There was significant fluctuation throughout the 
study as indicated by the standard deviation for each bar. 
Phase 2, the intervention phase, had the highest U/L ratio 

Table 3  Participant-level 
descriptive statistics of EQUC 
results

Average daily % 
Lactobacillus

Average daily % 
uropathogens

Average daily 
% Gardnerella

% of days 
with, any E. 
coli

Probiotic Phase # of days
 PROFUM 1 1 20 52.8% 2.6% 40.2% 0.0%

2 40 42.3% 6.8% 47.3% 0.0%
3 7 52.2% 0.0% 47.7% 0.0%

 PROFUM 3 1 20 0.0% 44.9% 0.0% 35.0%
2 37 0.0% 34.4% 0.0% 18.9%
3 14 0.0% 30.5% 0.0% 50.0%

 PROFUM 4 1 20 87.9% 1.0% 0.0% 0.0%
2 38 94.1% 0.4% 0.0% 0.0%
3 15 91.4% 0.9% 0.0% 6.7%

 PROFUM 7 1 20 93.7% 3.2% 0.0% 0.0%
2 37 77.3% 3.5% 0.0% 11.1%
3 12 91.8% 0.6% 0.0% 16.7%

Placebo Phase N
 PROFUM 21 1 20 61.6% 0.6% 17.1% 5.0%

2 39 97.7% 0.4% 1.3% 0.0%
3 7 95.0% 0.0% 0.0% 0.0%

 PROFUM 5 1 20 28.6% 0.0% 45.4% 0.0%
2 34 28.6% 1.5% 54.0% 0.0%
3 14 34.7% 0.0% 55.6% 0.0%

 PROFUM 8 1 19 85.3% 0.0% 10.8% 5.3%
2 36 84.1% 0.3% 13.1% 11.1%
3 12 84.5% 0.0% 11.5% 0.0%
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for both groups; however, this was not statistically sig-
nificant. The change in the ratio from phase 1 to phase 
2 was + 0.206 and + 0.33 for the placebo and probiotic 
groups, respectively.

To assess changes in microbiota diversity, we used the 
Simpson and Shannon indices, which measure alpha diver-
sity. Figures 5 and 6 model these values for the duration 
of the study and consider confounding factors, including 
menstruation and sexual activity. The Simpson’s index 
(Fig. 5) was remarkably similar between the placebo group 
and the probiotic group throughout the study. There was no 
difference between placebo and probiotic groups in phase 
1 (“baseline”), phase 2 (“treatment”), and phase 3 (“wash-
out”), with p values of p = 0.59, p = 0.88 and p = 0.47, 
respectively. The Shannon index (Fig.  6) also showed 
no change between the placebo and probiotic groups in 
phase 1 (“baseline”), phase 2 (“treatment”), and phase 3 
(“wash-out”), with p values of p = 0.7, p = 0.75 and p = 0.8, 
respectively.

Discussion

In this pilot study of pre-menopausal community women, 
the use of an oral probiotic containing L. rhamnosus GR-1 
and L. reuteri RC-14 at a sum of  109 viable organisms did 
not show changes in the U/L ratio or alpha diversity of the 
lower urinary tract microbiota.

Although EQUC can grow both L. reuteri and L. rham-
nosus, we did not detect these probiotic species before, dur-
ing, or after use. Therefore, it is unlikely that the probiotic 
organisms had a direct effect on the lower urinary tract. In 
contrast, the probiotic organisms could have had an indirect 
effect, possibly by altering the gut microbiota, which we did 
not measure in this study. Intriguingly, a slight trend towards 
increased uropathogen presence was observed during probi-
otic use; however, given the small sample size, this finding 
may not be clinically relevant.

Strengths of the study include the participants’ high 
level of compliance with collection of daily biological 
specimens, completion of questionnaires, and consump-
tion of probiotic/placebo capsules. In addition, the study 
was designed in a randomized and double-blinded fashion. 
As a result, the participants were successfully blinded, as 
evident by the post-study survey. Furthermore, our study 
utilized a robust culture-dependent method (i.e., EQUC) 
to analyze microbial composition and provided us with 
an in-depth analysis of the specimens. Despite the low 
participant sample size, the number of collection days 
far exceeds any other study in the literature, thus ruling 
out any biases in choosing particular collection days to 
study, and improving the strength of our conclusions. We 
standardized urine specimen collection for this study by 
performing a pre-study screening phase using peri-urethral 
swab similarity as a measure of compliance.

In contrast to our results, Reid et al. [9] concluded that 
probiotic use significantly reduced the prevalence of yeast 
and coliforms. This was a randomized double-blinded con-
trol study in which 64 women were assigned to either the 
same oral probiotic used in our study or a placebo. The 
primary outcome measure consisted of microscope analy-
sis of vaginal swabs to determine their Nugent score; this 
was done on days 0, 7, 28, 60, and 90. The Nugent score 
classifies vaginal flora on a spectrum from 0 to 10 as con-
taining high counts of Lactobacillus versus high counts 
of Gram-negative or Gram-variable rods (i.e., bacterial 
vaginosis). The results showed an increased restoration 
from bacterial vaginosis to a Lactobacillus-predominant 
microbiota (37% vs. 13% in the probiotic vs. placebo 
group, p = 0.02). They showed a significant reduction of 
yeast and coliforms in the probiotic group versus placebo 
group at 28 days and 60 days of the therapy.

Fig. 2  Percent Lactobacillus by group and phase. This figure shows 
all specimens collected per phase (“baseline” = phase 1, “treat-
ment” = phase 2, “wash-out” = phase 3). The wide error bars of 
each phase show that the proportion of Lactobacillus varied greatly 
between specimens throughout the study. There was no trend toward 
increased proportion of Lactobacillus noted amount the probiotic 
assignment participants. p value for the group effect at each time 
point in a generalized linear mixed effects model adjusted for men-
struation and sexual activity and including random intercepts for indi-
viduals. Control = placebo group
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The Reid et al. [9] study differed from ours in that their 
samples were analyzed via microscopy of vaginal swab 
samples instead of EQUC of urine samples. We believe our 
method of detection is more rigorous. Whereas Reid and 
co-workers observed bacteria that looked morphologically 
like Lactobacillus, we could identify individual isolates to 
species level with the EQUC method. Another difference 
is that our study analyzed urine rather than a vaginal swab. 

Therefore, it is possible that the probiotic never transferred 
from the GI tract into the urine. However, we also did 
not detect this species on any of the rectovaginal swabs. 
Additionally, a significant fraction of the women in the 
Reid et al. [9] study suffered from BV, while the majority 
of the subjects in our study were already Lactobacillus 
predominant. It is possible that the effect seen in the Reid 
et al. [9] study results from the probiotics helping women 

Fig. 3  Daily ratio of uropatho-
gen to Lactobacillus per partici-
pants ProFUM 1, 4 and 7 who 
all had probiotic assignment. 
Days 21–60 are marked as the 
probiotic administered days 
(phase 2)
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with BV rather than healthy patients. Finally, the statistical 
methods of Reid et al. [9] assume that the results of the 
day 7, 28, 60, and 90 swabs are independent of each other.

Another study that had comparable goals to ours was 
Beerepoot et al. [14] who performed a non-inferiority trial 
with randomized double-blinded control study design of 
postmenopausal women with rUTI to compare probiotic sup-
plements and prophylactic antibiotics. The authors recruited 
252 women who were assigned to prophylactic trimetho-
prim–sulfamethoxazole versus probiotic and the outcome 
measure was a survival analysis of the incidence of UTI 
over the course of 12 months. Both groups had a reduction 
of UTI; however, a larger decline was seen in the antibiotic 

group. Indeed, in comparing the antibiotic and probiotic 
arm, the probiotic did not meet non-inferiority margin. Addi-
tionally, the authors found similar rates of adverse events 
between the probiotic and antibiotic arm.

There are numerous differences between our study and 
the work of Beerepoot et al. [14] that makes comparing the 
studies difficult. Primarily, Beerepoot et al. [14] examined 
patients that were both older and had higher risk factor for 
UTI than the women in this study. As noted in the previous 
paragraph, this could suggest that probiotics have some 
beneficial effects for at-risk patient populations. For the 
variety of reasons presented here, we believe that there is 
insufficient information at this time to adequately compare 
the results of our study to that of Reid et al. [9] or Beere-
poot et al. [14] and believe these intriguing differences 
merit further investigation to fully understand the effects 
of probiotic Lactobacillus on vaginal and urine flora.

Limitations of the study include the use of midstream 
voided urine instead of transurethral catheterized urine. 
This is a limitation because midstream voided urine sam-
ples both the bladder and urethra and the contribution of 
microbes from each niche is currently unclear. Though we 
view the use of the 3-day screening period as a benefit of 
this study, it may also be seen as a limitation. Participants 
whose microbes were similar between their midstream 

Fig. 4  Uropathogen to Lactobacillus ratio per group per phase

Fig. 5  Simpson index by group and phase. p value for the group 
effect at each time point in a generalized linear mixed effects model 
adjusted for menstruation and sexual activity and including random 
intercepts for individuals. Control = placebo

Fig. 6  Shannon index by group and phase. In a generalized linear 
mixed effects model, the Shannon diversity index showed wide error 
bars for each phase and did not differ between the groups (probiotic 
vs. placebo). p value for the group effect at each time point in a gen-
eralized linear mixed effects model adjusted for menstruation and 
sexual activity and including random intercepts for individuals. Con-
trol = placebo
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voided urine and peri-urethra were excluded because we 
could not be sure that they had properly collected speci-
mens. However, it is unclear if some women normally 
present with microbial overlap in these sites. Thus, we 
may have sampled a subgroup of pre-menopausal com-
munity women. Nevertheless, this method provided a level 
of standardization. In future studies, providing a few cath-
eterized urine specimens for comparison may resolve this 
issue.

Conclusion

The use of oral probiotic (L. rhamnosus GR-1 and L. reuteri 
RC-14) does not affect the U/L ratio or microbiota diversity 
within the lower urinary tract of a young pre-menopausal 
healthy female population. Future studies should use a 
similar longitudinal design, but focus on more clinically 
relevant patient groups who are at higher risk of UTI. Addi-
tionally, it may be necessary to consider vaginal probiotic 
administration.
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